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SUMMARY 

The  SCATHA  (P78-2)  satellite  payload  includes  a  Charging  Electrical 
Effects  Analyzer  (CEEA)  to  aeasure  the  characteristics  of  electrical  dis¬ 
charges  in  both  the  frequency  and  time  domain.  Pulses  are  detected  in  re¬ 
sponse  to  commands,  during  electron  and  ion  beam  operations  and  during  natural 
discharge  events.  The  Pulse  Analyzer  which  measures  the  shape  of  pulses  on 
four  sensors  is  the  primary  CEEA  diagnostic  for  the  natural  discharges.  To 
date  233  days  of  Pulse  Analyzer  data  have  been  reduced.  Nineteen  pulses  on 
ten  different  days  have  been  related  to  natural  discharges.  Many  of  these  are 
related  to  the  solar  illumination  of  the  vehicle.  Two  occurred  shortly  after 
the  satellite  exited  the  earth's  umbra.  On  May  26,  1979  six  pulses  were 
detected  in  sunlight  within  a  period  of  14  minutes.  All  six  occurred  at 
precisely  the  ease  spin  phase  suggesting  that  a  single  point  on  the  vehicle 
was  breaking  down.  Only  five  discharges  have  been  found  in  the  data  at  a  time 
when  the  Pulse  Analyser  was  in  mode  with  sufficient  time  resolution  to  resolve 
the  frequency  coeponente  in  the  waveform. 

INTRODUCTION 

The  Charging  Electrical  Effects  Analyzer  (CEEA)  was-  provided  for  the 
SCATHA  (P78-2)  satellite  payload  to  verify  that  electrical  discharges  are 
occurring  when  other  instruments  measure  large  differential  potentials  between 
surface  materials  on  the  vehicle. 
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The  CEEA  consists  of  three  instruments:  Che  Pulse  Analyzer,  Che  VLF 

Analyzer,  end  Che  RF  Analyzer.  The  Pulse  Analyzer  measures  Che  number  of 
pulses,  chair  ampllcudes  and  shapes  on  four  sensors.  The  VLF  Analyzer  measures 
che  eleccrlc  and  magneClc  field  specCra  of  waves  in  Che  frequency  range 
from  100  Hz  Co  300  IcHz.  The  RF  Analyzer  measures  che  eleccric  field 
incensicy  on  a  1.8-m  monopole  ancenna  in  Che  frequency  range  from  2  Co  30  MHz. 

In  chis  paper  1  presenc  resulCs  from  Che  Pulse  Analyzer  from  233  days 
becween  7  February  1979  and  20  June  1980.  This  period  covers  quiec  and  accive 
days,  eclipses,  and  eleccron  and  ion  beam  operacions.  The  lnscrumenc  is 
described  in  che  nezC  seccion.  Thac  is  followed  by  a  presencadou  of  Che 
scaciscics  of  pulses  dececced.  Individual  cime  periods  of  special  inceresc 
are  described  in  decail.  In  Che  final  seccions  che  aspecc  dependence  and 
frequency  speccrum  of  Che  nacural  discharges  are  described. 

INSTRUMENT  DESCRIPTION 


The  Pulse  Analyzer  measures  Che  shape  of  eleccromagnecic  pulses  in  che 
time  domain  from  7  ns  Co  3.7  ms.  The  pulse  analyses  ars  made  on  four  sensors: 
(1)  a  loop  ancenna  around  one  of  che  cwo  redundant  space  vehicle  Command 
Distribution  Units,  (2)  a  wire  along  Che  outside  of  a  "typical"  space  vehicle 
cable  bundle,  (3)  an  external  short  dipole  antenna  ac  che  end  of  a  2-m  boom, 
and  (4)  a  digital  command  line  from  Che  Command  Distribution  Unit  Co  che  Pulse 
Analyzer. 

The  signal  processor  may  be  switched  by  command  co  any  of  che  four  sen¬ 
sors.  Ie  chen  seeps  automatically  through  the  selected  sensors  monitoring 
each  in  turn  for  16  sec.  The  functional  block  diagram  is  shown  in  Figure  1. 
When  a  signal  exceeds  a  commendable  threshold  ics  amplitude  is  sampled  ac  16 
points  Co  measure  che  pulse  shape.  The  16  samples  may  be  spaced  logarithmic¬ 
ally  or  linearly  in  cime.  The  logarithmic  spacing  covers  che  range  from  7  ns 
co  492  as.  The  linear  spacing  is  commendable  with  che  following  options: 
0.015,  0.060,  0.24,  1.0,  3.8,  30,  and  230  a*.  The  amplitude  is  measured  by  a 
bank  of  24  discriminators,  12  positive  and  12  negative.  The  toeal  range  of 
che  discriminator  bank  is  3  mV  co  1.8  V.  The  signal  from  each  sensor  can  be 
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attenuated  by  command  to  place  it  within  this  range.  There  are  six  attenua¬ 
tion  settings  that  select  measurement  ranges  from  3  mV  to  1.84  V  at  minimum 
attenuation  to  3.46  V  to  1910  V  at  maximum  attenuation.  The  threshold  is 
coupled  to  the  attenuation  setting.  The  attenuation,  threshold,  and  sampling 
Interval  can  be  independently  commanded  for  each  sensor.  The  number  of  pulses 
per  second  above  four  selectable  thresholds  is  also  measured.  Three  of  the 
thresholds  are  determined  by  the  attenuation  selection,  the  fourth  is  the 
pulse  analysis  threshold. 

The  instrument  is  commanded  by  a  22-bit  serial  magnitude  command  of  which 
only  the  seven  least  significant  bits  are  used. 

In  its  normal  mode  of  operation  the  instrument  steps  through  each  of  four 
sensors  monitoring  each  for  16  sec  in  sequence.  The  threshold  and  attenua¬ 
tions  for  each  sensor  are  determined  by  experience  on  orbit. 

Initial  measurements  have  been  made  with  the  logarithmic  sample 
spacing.  Linear  spacing  (IS  ns)  has  been  used  since  October  1979  because 
typical  pulses  prove  to  be  shorter  chan  200  ns. 

Inflight  verification  of  the  calibration  is  accomplished  by  sending 
serial  magnitude  commands  from  the  Command  Distribution  Unit  to  the  serial 
magnitude  command  sensor. 

DATA 

The  Pulse  Analyzer  was  turned-on  and  successfully  checked  out  on-orbit  on 
February  5,  1979.  Initial  operations  began  with  the  pulse  analysis  threshold 
sec  at  0.651  V  and  the  councrate  thresholds  set  as  shown  in  table  1,  column 
1.  Ac  this  setting  only  two  pulses  were  detected  during  the  72  hours  of  data 
available  from  February  12-14.  Both  of  these  pulses  occurred  during  SC4-2  Ion 
Beam  operations  on  February  14.  The  pulses  had  a  width  at  half  maximum  of 
500  us  and  an  amplitude  of  0.7  V. 

Because  it  was  apparent  that  very  few  pulses  were  being  detected  the 
three'  old  was  1'  »ered  on  February  18  to  0.165  V  with  the  associated  countrace 
threat. — «  1:  ;ed  la  table  1,  column  2. 
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PULSE  ANALYZER  SETTINGS 


Ac  this  threshold  Che  analyzer  occasionally  responds  co  pulses  generated 
when  commands  are  sene  co  the  vehicle.  Pulses  occurring  within  one  second  of 
a  command  are  attributed  to  a  vehicle  or  payload  response  to  the  command  and 
are  Identified  as  Command  Pulses  in  cable  2. 

An  interesting  variation  to  this  is  a  pulse  that  occurs  approximately  20 
s  after  the  vehicle  transmitter  is  turned  off.  These  have  been  identified 
with  the  time  chat  the  ground  station  command  transmitter  ceases  sending  s- 
tones  to  the  vehicle.  They  are  identified  as  Command  Pulses  In  table  2. 

A  second  source  of  pulses  is  the  antenna  switch  in  the  VLF  Analyzer. 
This  experiment  is  housed  in  the  same  package  as  the  Pulse  Analyzer.  When  the 
VLF  antenna  switches  from  the  magnetic  antenna  to  the  electric  antenna  a  pulse 
is  detected  on  the  Pulse  Analyzer  Command  Line  Sensor.  This  pulse  occurs  once 
every  64  s.  Since  pulses  are  synchronized  to  the  vehicle  clock  they  can  be 
readily  identified  and  they  have  been  eliminated  from  the  distributions  in 
cable  2'. 

The  majority  of  the  remaining  pulses  listed  in  table  2  occur  during  the 
electron  and  ion  beam  operations. 

NATUHAL  CHARGING  EVENTS 

Only  19  of  the  2557  pulses  cannot  be  associated  with  normal  vehicle 
commands  or  ion  and  electron  beam  operations.  A  summary  of  these  pulses  is 
shown  in  table  3.  Some  of  these  pulses  occurred  during  natural  charging 
events  that  have  been  studied  in  detail. 

On  28  March,  a  natural  charging  event  occurred  during  eclipse.  This 
event  was  unusual  in  chat  the  satellite  was  in  the  earth's  shadow  over  1000  s 
before  an  injeccon  of  hoc  plasma  near  local  midnight  charged  the  vehicle 
negatively.  Figure  2  shows  a  composite  of  data  from  the  Satellite  Surface 
Potential  Monitors  (SSPM),  Che  Pulse  Analyzer,  and  the  electron  and  ion  detec¬ 
tors  on  the  Sheath  Electric  Field  Experiment  (SEFE).  The  SSPM  and  SEFE 
instruments  are  described  in  reference  1.  The  differential  potential  between 
a  Kapton  sample  and  the  vehicle  frame  is  plotted  as  a  function  of  time  in  the 
bottom  panel.  Ac  the  time  the  Kapton  potential  abruptly  increases  from  back- 
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Table  2 


DISTRIBUTION  OF  PULSES  DETECTED 
BY  THE  PULSE  ANALYZER 


MONTH 

DAYS 

THRESHOLD 

TOTAL 

PULSES 

COMMAND 

PULSES 

fiuwraaN 

BEAM 

PULSES 

loN 

BEAM 

PULSES 

“5B= — 

CHARGE 

PULSES 

VOLTS 

79  FEB 

0.65 

15 

6 

0 

9 

0 

0.17 

66 

66 

- 

• 

0 

MAR 

25 

0.17 

519 

249 

175- 

93 

2 

APR 

25 

0.17 

660 

349 

10 

299 

2 

4 

0.33 

48 

47 

, 

1 

MAY 

0.33 

238 

232 

m 

6 

TUN 

26 

0.33 

328 

180 

148 

0 

JUL 

5 

0.33 

33 

28 

» 

S 

0 

AUG 

9 

0.33 

46 

45 

m 

l 

SEP 

5 

0.33 

34 

33 

m 

1 

OCT 

7 

0.33 

74 

41 

33 

0 

NOV 

22 

0.33 

134 

134 

0 

DEC 

31 

0.33 

219 

219 

• 

0 

30  JAN 

n 

0.33 

101 

100 

• 

1 

APR 

0.17' 

1 

0 

• 

. 

1 

JUN 

H 

0.17 

* 

41 

37 

m 

• 

4 

TOTAL 

234 

25S7 

1766 

366 

406 

19 

SUMMARY  OF  DISCHARGES 
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Figure  2.  Sunary  of  the  Charging  Event  In  Eclipse  on  28  March  1979.  (Top)  Electron 

spectrogram.  Increasing  lightness  corresponds  with  increasing  particle  flux. 

(Middle)  Ion  spectrogram.  (Bottom)  Differential  voltage  of  a  surface  potential 
monitor,  Kapton  sample  to  space  vehicle  ground.  The  times  of  two  discharges  detected 
by  the  pulse  analyzer  are  also  indicated. 


ground  to  over  one  kilovolt,  Che  mean  electron  energy  Increases  from  about  one 
kilovolt  to  greater  than  20  kilovolts.  About  five  minutes  later  a  discharge 
was  detected  by  the  Pulse  Analyzer.  Later  a  second  discharge  and  a  decrease 
in  the  average  Kapton  potential  occurs  as  the  satellite  crossed  the  terminator 
from  shadow  into  sunlight.  During  this  charging  event,  the  vehicle  frame 
Increased  to  ~  -8000  volts  and  maintained  a  potential  near  -4000  volts  until 
the  spacecraft  entered  the  sunlight.  The  data  in  figure  2  confirm  that  the 
spacecraft  charging  induced  by  energetic  electrons  produced  significant  dif¬ 
ferential  potentials  and  electrical  discharges.  The  low  energy  limit  of  the 
protons  in  figure  2  represents  the  potential  of  the  spacecraft  frame  relative 
to  the  plasma  environment.  This  is  seen  to  fluctuate  around  ~  -4  kV  during 
the  charging  event.  The  potential  between  the  Kapton  sample  and  the  plasma  is 
found  by  adding  the  -4  kV  of  the  spacecraft  frame  to  the  Kapton  voltage. 

On  May  26,  1979  a  series  of  six  pulses  was  detected  by  the  Pulse  Analyzer 
while  the  vehicle  was  in  sunlight.  These  pulses  occurred  during  the 
enhancement  of  the  differential  potential  of  a  Kapton  sample  on  the  SSPM  on 
the  end  of  the  vehicle  (Fig.  3).  At  that  time  the  spin  axis  of  the  vehicle 
made  an  angle  of  90  deg  with  the  sun-satellite  line.  At  that  angle  the  Kapton 
sample  is  shadowed  by  the  vehicle  and  is  not  discharged  by  sunlight.  The  data 
from  March  28  and  May  26  demonstrate  the  correlation  of  eight  of  the  19  pulses 
with  differential  charging  on  the  vehicle.  These  pulses  are  assumed  to  be 
discharges.  These  pulses  were  undersaapled  in  the  logarlthsilc  time  spacing 
mode  being  used  at  the  time.  Hence  frequency  Information  cannot  be  obtained 
from  them. 

Most  of  the  remaining  pulses  occurred  during  time  periods  when  the  Kapton 
samples  on  the  Satellite  Surface  Potential  Monitors  were  charged.  The  ampli¬ 
tude  distribution  of  the  discharges  Is  shown  in  figure  4.  The  location  of  the 
satellite  at  the  time  these  pulses  occurred  is  shown  in  figure  5  as  a  function 
of  local  time  and  radial  distance.  This  distribution  is  certainly  consistent 
with  the  local  time  dependence  of  circuit  upsets  on  DoD  and  coomercial  satel¬ 
lites  (ref.  2).  The  data  from  June  1980  plotted  at  afternoon  local  times  in 
figure  S  demonstrate  that  discharges  can  also  occur  on  the  day  side  of  the 
earth  following  moderate  substorms. 
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Figure  5.  Local  T1m  Distribution  of  the  19  Natural  Discharges  Detected  by  the 
Fulse  Analyser 
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The  Boulder  Geomagnetic  Substorm  Log  lists  a  moderate  substorm  at  074S  UT 
on  June  11,  and  a  second  onset  at  2230  UT  on  June  11  followed  by  minor  mag¬ 
netic  storm  conditions  throughout  the  day  on  June  12  and  13. 


ASPECT  DEPENDENCE 

The  six  discharges  detected  on  May  26  occurred  at  the  same  rotational 
phase  of  the  vehicle.  Since  the  vehicle  was  in  sunlight  this  suggests  that 
one  location  on  the  vehicle  was  arcing.  Presumably  this  would  occur  when  the 
potential  difference  suddenly  Increased  as  material  on  one  side  of  the  arc  was 
discharged  by  photocurrent  as  it  passed  into  sunlight. 

In  order  to  determine  if  discharges  on  other  dates  occurred  at  the  same 
rotational  phase  the  azimuth  and  elevation  of  the  sun  in  spacecraft  coordi¬ 
nates  was  calculated  for  a  number  of  other  discharges.  The  results  are  tabu¬ 
lated  in  cable  4  and  the  direction  to  the  sun  for  these  discharges  is  shown  on 
a  schematic  of  the  vehicle  in  figure  6.  There  is  a  large  scatter  in  the  data 
implying  that  the  location  and  mechanism  described  above  for  the  May  26  dis¬ 
charges  ^are  not  the  same  for  the  others.  The  sun  does  tend  to  be  180  deg  from 
the  magnetometer  boom  suggesting  that  this  boom  plays  a  role  in  a  significant 
number  of  the  discharges.  NAS CAP  models  of  the  SCATHA  satellite  show  the 
largest  differencial  potentials  occur  at  the  booms  (N.  John  Stevens,  private 
communication,  1980). 


FREQUENCY  SPECTRUM 

Five  discharge  pulses  have  been  detected  with  the  pulse  analyzer  in  a 
mode  of  operation  with  a  linear  sample  spacing  of  15  nanoseconds.  It  can  then 
be  used  to  measure  the  dominant  frequency  components  in  each  pulse.  A  compu¬ 
ter  fit  of  the  functional  form 

V  -  V  +17.  e~^lC  cos  (2*f,t  <►,) 
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was  aada  Co  eha  sixteen  sample  points.  The  parameters  giving  the  best  fit  in 
the  least  squares  sense  are  shown  in  cable  5.  For  highly  damped  waveforms  a 
decaying  exponental  term  was  also  included  in  the  sum.  The  data  and  fits  are 
shown  in  figures  7  and  8.  The  pulses  are  quite  different  with  dominant  fre¬ 
quencies  from  5  to  32  MHz  and  peak  amplitudes  from  0.08  to  0.89  volts. 

To  date  coo  few  natural  discharge  pulses  have  been  found  to  adequately 
characterize  the  discharges  for  the  purpose  of  validating  discharge  coupling 
models  and  ground-based  discharge  tests  using  scale-sized  models  of  the  SCATHA 
satellite. 

Pulses  are  also  detected  during  normal  vehicle  operations  and  electron 
and  ion  beam  operations. 

On  March  23,  1980,  the  Pulse  Analyzer  detected  a  pulse  at  1411:36  UT 
during  electron  beam  operations  at  1.3  kV  1  me.  At  1424:20  UT  a  pulse  due  to 
the  automatic  antenna  switch  in  the  VLF  experiment  was  detected.  Both  pulses 
were  measured  on  the  command  sensor  line  in  the  high  resolution  mode.  A 
computer  fit  was  made  to  the  pulse  shapes  of  these  pulses  in  order  to  compare 
them  with  the  discharge  related  pulses.  The  parameters  giving  the  best  fit 
are  shown  in  table  6. 

For  the  pulse  during  electron  gun  operations  that  best  fit  was  obtained 
for  two  frequencies.  One  of  the  two  frequencies  showed  a  slight  growth  rate 
while  the  other  was  slightly  damped.  The  pulse  shape  is  shown  in  figure  9.  I 
believe  that  the  appropriate  conclusion  is  that  the  damping  is  very  small  and 
that  the  data  set  is  too  short  to  determine  the  damping  coefficient. 

For  the  antenna  switch  pulse  the  best  fit  was  again  obtained  for  two 
frequencies.  The  frequencies  differ  significantly  from  those  obtained  for  the 
electron  beam  pulse  and  the  natural  discharges.  The  antenna  switch  pulse  is 
shown  in  figure  9. 
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NATURAL  DISCHARGE  FITTING  PARAMETERS 
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figure  7.  Shape  of  Three  Natural  Dischargee  Detected  by  the  Pulse  Analyzer.  The  large  solid 
dots  are  the  data  points.  The  small  dots  are  the  result  of  a  computed  fit  to  the 
data  points. 


Table  6 


3/23/80  VLF  ANTENNA  SWITCH  PULSE 
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LMgjdMW  OPEEdllOM 


Tha  Laboratory  Operations  of  Iho  Aaroaptca  Corporation  la  conduct  Inf  axpar- 
laontal  and  thaorttical  lnvtetlgatloaa  oacaaaary  for  tho  evaluation  and  appllca- 
tlon  of  aclaatlflc  advancaa  to  ueu  military  apnea  ay  at  ana.  Versatility  and 
flaxlblllty  hava  boan  developed  to  a  high  degree  by  tho  laboratory  paraonnal  In 
dealing  with  tha  many  yroblaaa  encountered  la  tha  natloa'a  rapidly  developing 
apaca  ayatana.  Expartlaa  In  tha  lataat  aclantlftc  davalopaoata  la  vital  to  tho 
aecoopllahmant  of  tanka  rolatod  to  thoao  problana.  Tho  laboratortaa  that  con¬ 
tribute  ‘to  thla  roaaareh  aro: 

darophyalea  Laboratory i  Launch  vnhlcla  and  roontry  aarodynanlca  and  boat 
tranefer,  propulafon  chanlatry  and  fluid  nachanlea,  atructural  nachanlca,  flight 
dynanlca:  high -tan  para  Cura  thereoaachanlea,  gaa  klnatlca  and  radiation:  roaoatch 
In  cnvlronnantal  chanlatry  and  contamination:  cv  and  pul  and  chaalcal  laaor 
davalopnant  Including  chaalcal  kinatlea,  apactroacopy,  optical  rnaooatora  and 
boan  pointing,  ataeapharic  propagation,  laaar  affacta  and  countatnaaauraa. 

Chaalatrr  and  Phynlca  Laboratory!  Ataoapharlc  chaalcal  roactlona,  atao- 
apharlc  optica,  light  acat taring,  atata-apaclflc  chaalcal  raactlona  and  radia¬ 
tion  cranaport  In  rock  at  pluaaa,  applied  laaar  apactroacopy,  laaar  chanlatry, 
battary  alactrochaalatry,  apaca  vacuua  and  radlattoa  affacta  on  aatarlala,  lu¬ 
brication  and  aurfaco  phaaoaana,  tharnlenlc  anlaalen,  pbotoaoaaltlva  aatarlala 
and  datactora,  atoalc  frequency  ataadarda,  and  bloaavlronaaatal  raaaarch  and 
aonltorlag. 

Eloctronlca  kaaaarch  Laboratory i  Mteroalacrroalca,  Cade  lov-nolee  and 
poaar  davlcaa, aaalconductor  laaara,  aloctroaagnat lc  aad  optical  propagation 
phanoaana,  quantum  electron  lea,  laaar  caaaanlcattoaa,  Ildar,  aad  electro-optica; 
coaaunlcatloo  aclancaa,  applied  alactronlca,  aaatcandactor  cryatal  aad  doulca 
phyalca,  radioaatrlc  imaging;  all  line  tar-vava  aad  alcraaaua  tacbaology. 

Iaforaatloo  Edaacaa  goaoarch  Office!  Prog  ran  verification,  prograa  trana- 
latlo'n,  porfomanca-aanaitiva  ayataa  daalga,  dlatrlbatad  archltactaraa  for 
apacohoraa  conpatara,  fault-tolerant  coaputor  ayatana,  artificial  latolllgaaca, 
and  alcroalaetronlca  appllcattona, 

Hatarlala  gclancaa  Laboratory ;  Davalopnant  of  nan  aatarlala:  natal  matrix 
eoapoaltna,  polyaara,  aad  nav  forma  of  carbon;  coapoaant  failure  aaalyala  and 
reliability;  fracture  nachanlca  and  atraaa  corroalon;  evaluation  of  aatarlala  la 
apaca  aavlranaant)  aatarlala  partoraanca  In  apaca  tranapertatlaa  ayatana:  aaal¬ 
yala  of  ayatana  vulnerability  aad  survivability  In  anaay  Induced  anvlroanaata- 

Eaaca  Iclancaa  Laboratory:  dtaoaphsrlc  aad  laaaapharlc  phyalca,  radiation 
from  tha  ataeaphara,  donaity aad  coapoaltlon  of  tha  upper  ataaapharv,  aarorae 
aad  alrglav;  aagaatoapharle  phyalca,  caaale  raya,  gaaaratlaa  aad  propagation  ef 
plaaaa  aavaa  la  the  aagnatoaphere)  polar  phyalca,  Infrared  astronomy;  tha 
affacta  ef  nuclear  sxplosloaa,  aagaatlc  atoraa,  aad  talar  activity  aa  tha 
earth's  ataetpharr,  lonoaphara,  aad  aagadtoephere:  tha  affacta  of  optical, 
electromagnetic,  aad  particulate  radlatleea  la  space  oa  apaca  ayatana. 


